Academics and research analysts in financial economics frequently use returns on government bonds for their empirical analyses. In the United States, government bonds are also called Treasury bonds. The Federal Reserve publishes the yield-to-maturity of Treasury bonds. However, the Treasury bond returns earned by investors are not publicly available. The purpose of this study is to provide these currently not publicly available return series and provide formulas such that these series can easily be updated by researchers. We use standard textbook formulas to convert the yield-to-maturity data to investor returns. The starting date of our series is January 1962, when end-of-month data on the yield-to-maturity become publicly available. We compare our newly created total return series with alternative series that can be purchased. Our return series are very close, suggesting that they are a high-quality public alternative to commercially available data.
•
Column A: The last calendar day of each month. • Column B: The yield-to-maturity of a 10-year fixed maturity Treasury bond. These data are publicly available from [3] . • Column C: The interest rate sensitivity of the price of the 10-year Treasury bond, which is also called the modified duration. This quantity uses as inputs the yield-to-maturity and maturity, using [4] (Equation 4 .45 on p. 146).
Column D: The interest rate sensitivity of the modified duration of the 10-year Treasury bond, which is also called the convexity. This quantity uses as inputs the yield-to-maturity and maturity, using [4] (Equation 4 .52 on p. 150).
Column E: The monthly total return for an investor in the 10-year Treasury bond. This quantity uses as inputs the yield-to-maturity and maturity, derived from [4] Column J: The annual total return for an investor in the 10-year Treasury bond.
Methods
We use the daily 10-year Treasury constant maturity rate [3] as our time-series of yield-to-maturity. Since this rate corresponds to a 10-year bond, the remaining maturity is constant: M t = 10. This daily series start on 2 January 1962. In order to calculate a return for January 1962, we assume that the observation for 31 December 1961 equals the observation of 2 January 1962. Note that the monthly series [5] that starts in April 1953 is not useful for our goal, as this is the monthly average of daily yields, rather than the end-of-month yield that we require to calculate the monthly return. Figure 1 contains the time-series of our input data on the 10-year Treasury constant maturity rate. It starts out at about 4 percent, then increases to almost 16 percent in the early 1980s, and has been trending down to around 2 percent. • Column A: The last calendar day of each month.
• Column B: The yield-to-maturity of a 10-year fixed maturity Treasury bond. These data are publicly available from [3] . • Column C: The interest rate sensitivity of the price of the 10-year Treasury bond, which is also called the modified duration. This quantity uses as inputs the yield-to-maturity and maturity, using [4] • Column J: The annual total return for an investor in the 10-year Treasury bond.
We use the daily 10-year Treasury constant maturity rate [3] as our time-series of yield-tomaturity. Since this rate corresponds to a 10-year bond, the remaining maturity is constant: Mt = 10. This daily series start on 2 January 1962. In order to calculate a return for January 1962, we assume that the observation for 31 December 1961 equals the observation of 2 January 1962. Note that the monthly series [5] that starts in April 1953 is not useful for our goal, as this is the monthly average of daily yields, rather than the end-of-month yield that we require to calculate the monthly return. Figure 1 contains the time-series of our input data on the 10-year Treasury constant maturity rate. It starts out at about 4 percent, then increases to almost 16 percent in the early 1980s, and has been trending down to around 2 percent. We use [4] for the transformation of yield-to-maturity to investment returns. Note that the formulas that follow are only valid for bonds that have always paid promised cash flows. In case of defaults or debt restructurings, capital losses need to be taken into account separately, and the following formulas do not adjust for this. Hence, using these formulas for corporate bonds would generally lead to an overestimation of investor returns, as defaults would not be accounted for. We use [4] for the transformation of yield-to-maturity to investment returns. Note that the formulas that follow are only valid for bonds that have always paid promised cash flows. In case of defaults or debt restructurings, capital losses need to be taken into account separately, and the following formulas do not adjust for this. Hence, using these formulas for corporate bonds would generally lead to an overestimation of investor returns, as defaults would not be accounted for.
Since the 10-year constant maturity rates that we use as inputs from [3] are based on on-the-run or actively traded securities with maturity close to 10 years, we use the formulas for par bonds. A par bond is a bond that sells at face value, i.e., a bond where the coupon rate equals the bond's yield. This is approximately true for on-the-run bonds.
Given the yield-to-maturity and remaining maturity, the interest rate sensitivity or modified duration of a risk-free bond at par value can be approximated by
with Y t the yield-to-maturity at time t and M t the remaining maturity of the bond at time t. The convexity C t of a par bond, which measures the non-linear relationship between the price and yield of a bond can be approximated with
For better approximations, the dispersion in maturity of the bond portfolio is needed as an input, which we do not have available. Now, we can calculate the investment return over period t when we know the yield at the beginning and the end of the period, and the maturity of the bond
where the yield in the first term on the right-hand side of the equation needs to be expressed as a percentage per period that the return is measured (i.e., (1+Y t ) 1/12 −1 of the annual yield when calculating a monthly return), while the duration and yields in both other terms on the right-hand side should be measured in the same units (e.g., per annum). This equation shows that if the interest rate does not change, the two terms on the right equal zero and the return is the yield at the beginning of the period. Increases in the yield will reduce the return, but this decrease is smaller for bonds with higher convexity.
User Notes
We have access to several alternative data series on U.S. bond returns that are available for purchase or subscription. We compare our approximation to these commercially available data series. The comparison is not exhaustive, as we do not have access to all possible commercial sources, and for the existing sources not for the entire sample period.
• Global Financial Data (GFD)
We have available the U.S Treasury total return index (index id: TRUSG10M) for the start of the sample until March 2017 from [6] . Over this period, they state that they based their data on that from the Federal Reserve.
• Center for Research in Securities Prices (CRSP)
Through the Wharton Data Research Service, we have available the 10-year bond returns series prepared by CRSP in their "US Treasury and Inflation Indexes" service [7]. This series is available through our entire sample period.
• Ibbotson
We have access to [8] , which contains intermediate and long-term government bond returns at the monthly frequency from the start of the sample to the end of 2005. This is an annual update of [9] . In order to obtain a series that is similar to a series with a 10-year maturity, we took a portfolio of both series with weight 63.5% in the long-term and 36.5% in the intermediate-term government bond. The volatility of both series is equal for this choice. However, since the maturities of the intermediate-term and long-term government bond series may change over time, this series does not represent a 10-year maturity at each point in time.
• Bloomberg
The U.S. intermediate-term (index id: 49) and long-term (index id: 50) government bond return series of Bloomberg Barclays [10] are available at the monthly frequency from January 1973 to 2018. In order to obtain a series that is similar to a series with a 10-year maturity, we took a portfolio of both series with weight 68.4% in the long-term and 31.6% in the intermediate-term government bond. The volatility of both series is equal for this choice. However, since the maturities of the intermediate-term and long-term government bond series may change over time, this series does not represent a 10-year maturity at each point in time. Table 1 displays the annualized average returns, standard deviations (i.e., volatility) of the returns, the minimum monthly return, and the maximum monthly return. It also contains the intercept, slope, and r-squared of the regression equation where the dependent variable is our series and the explanatory variable is the alternative series. We also display the p-value of the Wald-test statistic of the joint null hypothesis that the intercept is zero and the slope equals one, which would mean that both series are equal to each other. Since the data is available over different periods, we separate January 1962 to December 2018, January 1962 to December 2005 (Ibbotson) , and January 1973 to December 2018 (Bloomberg Barclays). Note that the GFD series ends in March 2017, but we do not separate this out. It can be seen that our series is a close match to each of the alternatives, as average returns and risk characteristics are similar. The intercepts of each of the regressions close to zero, and the slope coefficients close to one, with r-squared values above 0.92. Note, however, that the p-values are below 0.05 in several cases, which means that they statistically reject that the series are equal. This is due to the large r-squares, which leads to extremely narrow confidence bounds around the slope coefficient. Hence, even though the coefficients jointly are statistically significantly different from zero and one, they are not economically significantly different. Clearly, the GFD series that is often used in academic research (see, for example, [11] [12] [13] [14] ) is extremely close to ours with an r-square of 0.996 over the entire sample period from 1962 to 2018. The closeness of the series is also illustrated in Figure 2 , in which we plot the cumulative value of a $100 investment in the Treasury bond at 31 December 1961. We see that the data series are so close that for many periods the lines overlap. Therefore, researchers without access to commercial data providers may use our data series and obtain very similar results to researchers with access.
This data series has a few limitations. First, it covers only U.S. data going back to 1962. Our method could be easily extended to convert other historical government bond yield-to-maturity data to investor returns, but we do not have these publicly available. Second, our return approximations are based on formulas valid for par bonds. Although our source data on yield-to-maturity tend to use on-the-run bonds that are close to par, they need not be over the entire sample period, slightly reducing the accuracy of the approximation. Note that the yield-to-maturities that we use may be estimates from liquid bond prices with close but not exactly equal to 10 years maturity. Therefore, our time-series data with investor returns are hypothetical, as a Treasury bond with exactly 10 years to maturity was not available for investors each month-end during our sample. Finally, our data series represent the return on a Treasury with 10 years maturity. While this is appropriate for many applications, other applications may require returns on the entire bond market, in which each outstanding bond is weighted by its market capitalization [15] . researchers without access to commercial data providers may use our data series and obtain very similar results to researchers with access. This data series has a few limitations. First, it covers only U.S. data going back to 1962. Our method could be easily extended to convert other historical government bond yield-to-maturity data to investor returns, but we do not have these publicly available. Second, our return approximations are based on formulas valid for par bonds. Although our source data on yield-to-maturity tend to use on-the-run bonds that are close to par, they need not be over the entire sample period, slightly reducing the accuracy of the approximation. Note that the yield-to-maturities that we use may be estimates from liquid bond prices with close but not exactly equal to 10 years maturity. Therefore, our time-series data with investor returns are hypothetical, as a Treasury bond with exactly 10 years to maturity was not available for investors each month-end during our sample. Finally, our data series represent the return on a Treasury with 10 years maturity. While this is appropriate for many applications, other applications may require returns on the entire bond market, in which each outstanding bond is weighted by its market capitalization [15] . 
